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Abstract 
The article is devoted to the development of masonry mortars with hollow ceramic microspheres and reinforcing fibers with 
improved properties. The mortars with ceramic microspheres and light-weight masonry mortars based on them have low average 
density, low thermal conductivity, high compressive strength, high specific strength, but insufficient crack resistance, frost 
resistance and mortar durability. One way of improvement of the properties of such mortars is the introduction of dispersed 
reinforcing fibers into their structure. In this study, the following types of fibers were used: basalt ones, glass ones, chrysotile 
ones and two types of polymer fibers – polyacrylic and polypropylene ones. The basic properties of mortar mixtures and mortar 
have been determined; the dependences of the influence of consumption of various fiber types on the basic properties of mortars 
have been studied, primarily, on the average density, compressive strength and tensile bending strength. The optimum 
composition of the masonry mortars with hollow ceramic microspheres and fibers were obtained, the results of microstructural 
analysis of the samples are given. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the XXV Polish – Russian – Slovak Seminar “Theoretical 
Foundation of Civil Engineering. 
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1. Introduction 
In modern construction, with consideration of increased requirements to the thermal protection of buildings, the 
effective masonry units such as foam-concrete blocks, aerated concrete blocks, foam polystyrene blocks and ceramic 
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blocks are used. These masonry units have low average density and low thermal conductivity, so the walls made 
from them have good thermal insulation with low wall thickness. While using those units, we also must use light-
weight masonry mortars that match the characteristics of the blocks [1-3]. 
Most often, for the production of light-weight mortars, the light-weight fillers are used, but all of them have 
certain disadvantages. For example, granulated polystyrene is a flammable and environmentally unsafe material; its 
granules have low adhesion to the cement stone, which reduces the mortar strength. Expanded perlite and 
vermiculite sands are characterized by high water absorption and high hygroscopicity, so that the mortar used in wet 
environmental conditions partly loses its insulating properties. Expanded clay fillers have high thermal conductivity, 
high water absorption, and the size of the granules does not allow forming a thin mortar joint. The granulated foam 
glass is a fragile material with a high average density and high cost. 
Good alternative fillers for the light-weight masonry mortar are hollow ceramic microspheres (HCMS) [4-16]. 
Ceramic microspheres are the components of the fly ash produced during high temperature flaring of coal at heat 
power plants. They are spheres of fraction of 10...500 microns with the shell thickness of about 5...10 % of the 
sphere diameter. The gas phase inside the sphere is a mixture of carbon dioxide and nitrogen. The rough microsphere 
surface promotes good adhesion of the microspheres to the cement stone. The microspheres have low bulk density 
(370…390 kg/m3), low average density (800 kg/m3), small size (fraction 10…500 ȝm), high strength under 
hydrostatic compression (15…28 MPa) and low thermal conductivity (not more than 0.08 W/(m·K) at the 
temperature of (20±2)°ɋ), which allows their use as light-weight fillers for the mortar.  
Previously, the authors developed the optimum composition of a masonry mortar with ceramic microspheres [17] 
that is used in this study as a reference composition (RC). A binder material here is Portland cement CEM II/A-W 
42.5 H (Holcim) with the addition of 9.8% of granulated slag. A light-weight filler is hollow ceramic microspheres 
with fractions of 10...500 μm produced by “INOTEC”. For the reduction of water-cement ratio and increment of 
homogeneity of the mortar, the super-plasticizer Peramin SMF 10 (powder melamine sulfonate) was used. To 
increase the strength of adhesion of the mortar to the base as well as its tensile and compressive strength, the re-
dispersible powder of copolymer of vinyl acetate and ethylene Vinnapas 8034H was added into the mortar. To 
decrease the average density of the mortar, the air-entraining agent ASCO 93 (anionic high molecular surfactant) 
was used. The properties of the obtained mortar are given in Table 1 (reference composition). 
2. Problem statement 
The use of light-weight fillers leads to the reduction of average density of the mortar, and it is substantially 
reducing its strength. The strength and durability of the whole wall structure depends on the strength of the masonry 
mortar (both the tensile bending strength and the compressive one), so one of the main objectives for the regulation 
of the characteristics of light-weight masonry mortars is to increase their strength while maintaining low average 
density. 
One way to solve this problem is the introduction of dispersible fibers into the mortar. The works [18-21], show 
that the use of fibers for the masonry mortars can improve their tensile bending strength as well as the tensile 
compression one, their frost resistance, fracture toughness and durability. 
Typically, the fibers are classified according to their material: metal, mineral and polymer. In addition to that, the 
fibers also can be classified according to their length, stiffness, strength as well as several other parameters. 
The steel fibers are characterized by high average density (7850 kg/m3), a tensile strength of 600 MPa, and a 
high elasticity modulus (2.1×105 MPa) [22]. According to EN 14889-1:2006 "Fibers for concrete. Part 1: Steel 
fibers", the steel fibers can be wire ones, turning ones, milled ones and sheet ones, it may have a protective coating, 
a wave form and the anchors at the ends for a better grip of fibers with the cement stone. The main disadvantage of 
steel fibers is their high thermal conductivity (50 W/(māK)), which makes impossible their use in “warm” masonry 
mortars, whose thermal conductivity must not exceed the value of 0.2 W/(māK). 
As to mineral fibers, the basalt, glass and chrysotile fibers are usually used. These fibers have the average 
density of about 2600 kg/m3, the tensile strength of about (1...3.5)ā103 MPa and the elasticity modulus of about 
(50...90)ā103 MPa, they are non-combustible and can be used over a wide temperature range (up to 750°C) [23, 24]. 
These types of fibers are widely used in many construction branches, as well as in the process of restoration works 
and for small architectural forms. The use of mineral fibers in masonry mortars is possible, but they increase the 
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average density of the mortar. 
As to polymer fibers, the polypropylene and polyacrylic fibers are used most often. According to EN 14889-
2:2006 "Fibers for concrete. Part 2. Polymer fibers", they have the low average density of about 900 kg/m3, the 
tensile strength of about 350...700 MPa, the elasticity modulus of about (2...8)x103 MPa. The polymer fibers have a 
considerable tensile elongation (300%), due to which, in case of fractures, the material resists to their further 
disclosure and following destruction of the material. The thermal conductivity of polymer fibers is within the range 
of 0.16...0.22 W/(māK). The polypropylene fibers with the fiber length of 3, 6, 12 and 18 mm are the most popular 
ones in Russia. 
The chrysotile (asbestos) fibers also may be used as reinforcing fibers. The asbestos is the collective name for 
fine-fiber minerals. There are two asbestos types: the chrysotile (serpentine) one and the amphibole one. More than 
95% of the world production of asbestos is the chrysotile asbestos, the world's largest reserves of which are 
concentrated in Russia, some African countries and Canada. In Russia, we produce and use only chrysotile asbestos; 
the production of it is about 40% of the world production. 
The chrysotile asbestos fibers have a tubular structure with developed internal capillaries, closed by the adsorbed 
water. The asbestos fiber has a high specific surface area (150,000...300,000 cm2/g), which stipulates its high 
adsorption activity, particularly with respect to Ca(OH)2, which is important in its compositions with the Portland 
cement. The elasticity modulus of the chrysotile asbestos is (150...185)·103 MPa, the tensile fiber strength is 
3200...5400 MPa. The fluff asbestos, depending on its bulk density, has the thermal conductivity of 0.055 ... 0.077 
W/(māK) [25]. 
Many scientists proved that the biological activity of the chrysotile is by 10…100 times lower than that of the 
amphibole [26, 27]. In an acidic environment, the chrysotile fibers are fragmented and removed from human lungs 
(the chrysotile asbestos is derived from the human body within the period of two weeks), while the amphibole, on 
the contrary, because of its acid resistance, lingers in human organisms [28]. Many studies [29, 30] have shown that 
the chrysotile does not have the danger of cancer, which is characteristic for the amphibole fibers. 
In the process of the Portland cement hydration, the monolayer portlandite Ca(OH)2 is formed on the surface of 
the chrysotile asbestos fibers. At the further interaction with the carbon dioxide from the air, the calcite CaCO3 with 
a fibrous phase is formed on the surface of chrysotile fibers [31, 32]. These processes lead to a change in the 
composition, physical, chemical and biological characteristics of the chrysotile, the fibers from which are firmly 
stick to the cement matrix. At the destruction of the cement stone, the conglomerates consisting of fibers and cement 
particles are emitted into the air, which prevents active biological effects of chrysotile cement materials, including 
those undergone a long-term weathering. 
Taking into consideration all the aforesaid, it can be concluded that the best fiber type for the use in “warm” 
masonry mortars are the polymer fibers, but the use of mineral fibers is also possible. The consumption of the fibers 
for each masonry mortar should be determined experimentally. 
3. Results and discussion 
This study used the basalt fibers with the fiber length of 6 mm and 12 mm, the glass fibers with the fiber length 
of 13 mm, the chrysotile fibers with the fiber length of 5 mm, two types of the polymeric fibers: the polyacrylic 
fibers (Panacea DRY) with the fiber length of 6.4 mm as well as the polypropylene fibers VSM-6 and VSM-12 with 
the fiber length of 6 mm and 12 mm, respectively. 
The mortar components were mixed for 3 minutes in an auto-mixer for their uniform distribution throughout the 
dry mixture. Then, into the bowl of auto-mixer the water was added, and further the mortar mixture was mixed for 3 
more minutes in accordance with GOST 31356-2007. The mortar mobility (for cone immersion) for each of the 
compositions was equal to 8...9 cm, which is the optimum value for the masonry mortars. The water retention of the 
mortar for all compositions was not less than 94%, which meets the standard requirements. 
For each composition, the physical and mechanical properties of the mortar were determined, and then the 
samples with the dimensions of 4×4×16 cm were made. The samples hardened within 28 days under the following 
conditions: 4 days in a water-sealed bath, and then 24 days at the humidity equal to 65% and the temperature of 
20°C. Further, the compressive and tensile bending strength of the mortar as well as the average density of the 
mortar in its dry state were determined. The results are shown in Table 1 and in Figs. 1, 2. 
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fibers, % by 
cement mass  
W/C Average density, kg/m3 Strength, MPa 
mortar mixture mortar in its dry state  tensile bending compressive  
RC  – 0.64 968 742 2.34 10.66 
BF-6 
0.2% 0.65 1146 884 2.45 11.17 
0.4% 0.67 1120 882 2.99 12.46 
0.6% 0.69 1133 879 3.22 13.52 
0.8% 0.70 1133 875 3.34 14.16 
1.2% 0.70 1146 883 3.56 15.28 
BF-12 
0.2% 0.66 1105 891 2.51 11.61 
0.4% 0.67 1070 859 2.86 12.29 
0.6% 0.70 1105 883 3.35 14.31 
1.0% 0.70 1091 846 3.62 15.67 
GF-13 
0.2% 0.67 1149 888 2.54 11.45 
0.4% 0.67 1107 867 2.83 12.20 
0.6% 0.69 1120 873 3.32 14.13 
1.0% 0.70 1133 873 3.64 15.84 
CF-5 
0.6% 0.70 1081 833 2.67 11.51 
0.9% 0.73 1107 857 3.06 12.90 
1.2% 0.75 1120 869 2.77 12.37 
VSM-6 
0.3% 0.68 1033 776 3.06 11.85 
0.6% 0.69 1007 759 3.26 14.17 
0.9% 0.71 991 742 2.98 12.77 
VSM-12 
0.2% 0.66 1033 788 3.10 13.48 
0.4% 0.67 1046 792 3.43 14.52 
0.6% 0.69 1033 783 3.09 13.17 
PF-6.4 
0.3% 0.67 1033 759 3.37 14.32 
0.6% 0.68 1020 740 3.15 13.34 
0.9% 0.69 1007 732 3.01 12.97 
The basalt fibers with fiber length of 12 mm and the glass fibers with fiber length of 13 mm with the dosage 
of 1% by mass of the binder mass showed the greatest increase in strength as compared with the reference 
composition. For the mortar reinforced by the basalt fibers, the compressive strength increased by 47% and the 
tensile bending strength increased by 55% as compared with the reference composition. For the mortar reinforced by 
the glass fibers, the compressive strength increased by 49%, the tensile bending strength increased by 56%. 
conductivity of the mortar joint. 
 
 
Fig. 1. The dependence of the mortar compression strength on the fiber content. 
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Fig. 2. The dependence of the mortar tensile bending strength in on the fiber content. 
For the composition with the chrysotile fiber, the tensile bending strength was equal to 3.06 MPa (by 37% 
higher than the reference composition strength), the compressive strength was equal to 12.90 MPa (by 21% higher 
than the reference composition strength). It should be noted that the introduction of mineral fibers into the mortar 
increases the average density of the mortar mixture as well as the mortar in its dry state, which increases the thermal 
conductivity of the mortar joint. 
It is obvious that for the polymer fibers of each type there is an optimum fiber rate, at which the highest increase 
of the mortar strength is achieved. With the fiber content in the mortar more than the optimum value, the mortar 
strength reduces, its workability is deteriorated. For the compositions with the content of 0.4% of poly-propylene 
fibers with fiber length of 12 mm, the highest strength growth was observed (for the mortars with polymer fibers). 











Fig. 3. Microstructure photos of the disperse reinforced light-weight masonry mortar with: a, b – basalt fibers; c, d – glass fibers; e, f – chrysotile 
fibers; g, h – poly-propylene fibers. 
The microstructural analysis of the samples was carried out using a scanning electron microscope FEI Quanta 
200. The microstructure photos for the cement mortar with hollow ceramic microspheres and reinforcing fibers are 
shown in Fig. 3. 
The microstructure analysis of the masonry mortar with basalt fibers (Fig. 3 a, b) showed that the destruction of 
the fibers occurs in one cross-section with the cement stone. Fibers are not visible on the fracture surface of the 
sample that means that the adhesion strength of basalt fibers with the cement stone exceeds the tensile strength of 
fibers. Glass fibers are clearly visible on the photographs (Fig. 3 c, d), their surface is covered with cement 
hydration products. The appearance of the surface of the sample is almost similar to the sample with basalt fibers. 
For the chrysotile fibers, the presence of two types of fibers is typical: aggregates and fibrillated microfibers formed 
by crushed chrysotile aggregates. The microfibers, which are on the surface of the aggregates, increase the area of 
adhesion of the fibers with the cement stone. The surface of the chrysotile asbestos fibers is mostly covered by the 
cement hydration products as compared with other mineral fibers, which also provides a better adhesion to the 
cement stone. Polypropylene fibers (Fig. 3 e, f) have a significantly greater elongation at the break (about 200%) as 
compared with the mineral fibers; their surface is also covered with cement hydration products, which also ensures a 
good adhesion of fibers to the cement stone. 
4. Conclusions 
Due to the increase of the average density of the mortar with basalt and glass fibers, the most suitable fibers for 
the light-weight masonry mortars are polypropylene fibers. As a result of the research, the composition of the 
masonry mortar with hollow ceramic microspheres and polypropylene fibers was obtained. This composition has a 
compressive strength of 14.5 MPa, tensile bending strength of 3.4 MPa with the average density of the mortar in its 
dry state not more than 800 kg/m3. For wall materials with an average density greater than 800 kg/m3, the mortars 
with mineral fibers can be used. Those mortars have the compressive strength within the range of 12.9…15.8 MPa, 
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the tensile bending strength of 3.06…3.62 MPa, with the dry state average density not more than 900 kg/m3. A 
considerable economic effect is achieved by the use of chrysotile asbestos fibers due to their low cost in comparison 
with other types of fibers (chrysotile fibers cost 18...25 rubles/kg, while the polymer fibers cost 150...300 rubles/kg 
depending on their length and composition). 
The developed masonry mortar can be successfully used in the process of erection of low-rise buildings as well 
as frame buildings with exterior walls made from effective masonry units. 
References 
[1] Ovsyannikov S.N., Vyazova T.O., Heat-Protecting Characteristics of External Wall Structures with Heat Conductive Inclusions, Stroitel'nye 
materialy, 2013, no. 6, pp. 24-27. 
[2] Sheina S.G., Minenko A.N., Analysis and calculation of "cold bridges" in order to increase the energy efficiency of residential buildings, 
IVD, 2012, no. 4(1), pp. 131. 
[3] Gagarin V.G., Kozlov V.V., Prospects of increase of power efficiency of residential buildings in Russia, Vestnik MGSU, 2011, no. 3(1), pp. 
192-200. 
[4] Semenov V.S., Rozovskaya T.A., The dry masonry mixes with hollow ceramic microspheres, Nauchnoe obozrenie, 2013, no. 9, pp. 195–199. 
[5] Semenov V.S., Rozovskaya T.A., Improvement of Energy Efficiency of Enclosing Structures with the Use of Lightweight Masonry Mortars, 
Stroitel'nye materialy, 2015, no. 6, pp. 16–19. 
[6] Semenov V.S., Rozovskaya T.A., Oreshkin D.V., Properties of the dry masonry mixtures with hollow ceramics microspheres, Advanced 
Materials Research, 2014, vols. 860–863, pp. 1244–1247. 
[7] Inozemtsev A.S., Korolev E.V., Hollow micro-spheres is an efficient filler for high-strength lightweight concrete, Promyshlennoe i 
grazhdanskoe stroitel'stvo, 2013, no. 10, pp. 80-83. 
[8] Oreshkin D.V., Belyaev K.V., Semenov V.S., Kretova U.E., Hollow microspheres: an efficient filler for construction and backfill mortars, 
Promyshlennoe i grazhdanskoe stroitel'stvo, 2010, no. 9, pp.50-51. 
[9] Teryaeva T.N., Kostenko O.V., Ismagilov Z.R., Shikina N.V., Rudina N.A., Antipova V.A., Physico-chemical properties of aluminosilicate 
hollow microspheres, Vestnik KuzGTU, 2013, no.5, pp. 86-90. 
[10] Suryavanshi A.K., Swamy R.N., Development of lightweight mixes using ceramic microspheres as fillers, Cement and Concrete Research, 
2002, vol. 32, pp. 1783-1789. 
[11] Korolev E.V., Inozemtcev A.S., Preparation and research of the high-strength lightweight concrete based on hollow microspheres, Advanced 
materials research, 2013, vol. 746, pp. 285–288. 
[12] Klochkov A.V., Strokova V.V., Pavlenko N.V., Structural and heat insulating masonry admixture with hollow glass micro spheres, 
Stroitel'nye materialy, 2012, no. 12., pp. 24-27. 
[13] Klochkov A.V., Pavlenko N.V., Strokova V.V., Belentsov Yu.A., On the question about the use of glass hollow microspheres for thermal-
structural masonry mortars, Vestnik Belgorodskogo gosudarstvennogo tekhnologicheskogo universiteta im. V.G. Shukhova, 2012, no. 3, pp. 
64-66. 
[14] Blanco F., GarcÕғa P., Mateos P., Ayala J., Characteristics and properties of lightweight concrete manufactured with cenospheres, Cement and 
Concrete Research, 2012, vol. 30, pp. 1715-1722. 
[15] Danilin L.D., Drozhzhin V.S., Kuvaev M.D., Kulikov S.A., Maksimova N.V., Malinov V.I., Pikulin I.V., Redyushev S.A., Khovrin A.N., 
Hollow microspheres of fly ash — a multifunctional filler for composite materials, Tsement i ego primenenie, 2012, no. 4, pp. 100-105. 
[16] Zhukov A.D., Bessonov I.V., Sapelin A.N., Naumova N.V., Increasing energy efficiency of wall materials with the help of cenospheres, 
Vestnik MGSU, 2014, no 7, pp. 93-100. 
[17] Semenov V.S., Rozovskaya T.A., Oreshkin D.V., Properties of the dry masonry mixtures with hollow ceramics microspheres, Advanced 
Materials Research, 2014, vols. 860–863, pp. 1244–1247. 
[18] Derevyanko V.N., Salamakha L.V., Smogliy A.G., Shchudro E.S., Timchenko Ya., The influence of the low modulus fibers on the 
properties of mortars, Vɿsnik Pridnɿprovs'koʀ derzhavnoʀ akademɿʀ budɿvnitstva ta arkhɿtekturi, 2011, no.10 (163), pp. 8–11. 
[19] Pashchenko A.A., Reinforcement of inorganic binders by the mineral fibers, Stroyizdat, Moscow, 1988. 
[20] Agzamov F.A., Tikhonov M.A., Karimov N.Kh., Influence of fiber reinforcement on the properties of cement materials, Territoriya 
neftegaz, 2013, no. 4, pp. 26–31. 
[21] Luiz A. Pereira-de-Oliveira, João P. Castro-Gomes, Miguel C.S. Nepomuceno, Effect of acrylic fibres geometry on physical, mechanical and 
durability properties of cement mortars, Construction and Building Materials, 2012, vol. 27, iss. 1, pp.189–196. 
[22] Talantova K.V., Mikheev N.M. Research of influence of the properties of steel fibers on the performance of steel reinforced concrete 
structures, Polzunovskiy vestnik, 2011, no. 1, pp. 194–199. 
[23] Orlov A.A., Chernykh T.N., Sashina A.V., Bogusevich D.V., Research of influence of basalt fiber parameters on the properties of fiber-
reinforced mortar, Perspektivnye materialy v stroitel'stve I tekhnike: sbornik trudov konferentsii, 2014, pp. 115–121. 
[24] Gabidullin M.G., Bagmanov R.T., Shangaraev A.Ya., Research of influence characteristics glass fibre on physicomechanical properties of 
the glass fibre reinforced concrete, Izvestiya KGASU, 2010, no. 1(13), pp. 268–273. 
[25] Dvorkin L.I., Dvorkin O.L., Asbestos cement, Betonnaja tendernaja sistema, URL: http://m350.ru/articles/more/v/id/117/ (date of the 
application 12.04.2016). 
[26] Gudkova E.A., Vezencev A.I., On the question of the biological activity of chrysotile asbestos, Uspehi sovremennogo estestvoznanija, 2004, 
no. 2, pp. 100-101. 
[27] Smirnova Ju.V., Komkova A.V., Problems of the effective application of chrysotile asbestos in the building complex of Russia, 
Sovremennye naukoemkie tehnologii, 2013, no. 10(1), pp. 81-82. 
637 Semenov Vyacheslav et al. /  Procedia Engineering  153 ( 2016 )  630 – 637 
[28] Zhukov A.D., Nejman S.M., On the application of chrysotile cement products in building constructions, Stroitel'stvo i remont, URL: 
http://ugroza.net /hrizotilcementnye-izdelija-chast-1.html (date of the application 14.04.2016). 
[29] Kovalevsky E.V., Kashansky S.V., Regulation and methodic background for safe controlled usage of chrysotile asbestos in Russia, Medicina 
truda i promyshlennaja jekologija, 2011, no. 5, pp. 44–48. 
[30] G. Adib, F. Labreche, L. De Guir [et al.], Short, fine and WHO asbestos fibers in the lungs of Quebec workers with an asbestossrelated 
disease, Am. J. Ind. Med, 2013, vol. 56 (9), pp. 1001–1014. 
[31] Vezencev A.I., Gudkova E.A., Pylev L.N., Smirnova O.V., On the question of change of surface and biological properties of chrysotile 
asbestos, Stroitel'nye materialy, 2008, no. 9, pp. 26–27. 
[32] Vezencev A.I., Nejman S.M., Gudkova E.A., Transformation and change the properties of chrysotile asbestos under the influence of various 
factors, Stroitel'nye materialy, 2006, no. 6, pp. 104–105. 
